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INTRODUCTION
Advances in the chemistry of the tropylium ion have heen described
recently in separate reviews by Harmon,^ and Kolomnikova and Fames.^
The reactivity of the tropylium ion has been investigated since the
ion was first recognized in 195^ by Doering and Knox.^ The tropylium ion
is highly electrophilic. Owing to its electrophilicity the tropylium ion
is extremely stable to the action of electrophilic agents,** exhibiting at
the same time high reactivity toward nucleophilic agents.^ In particular,
the tropylium ion reacts with compounds containing a double bond activated
by electron donor substituents such as vinyl ethers.®
(1) X- + CH2=CH-0R HgO
where X = Br, ClOl;
R = C2H5, iso-C3H7, Ci^Hp, OCOCH3
1
2
The tropylation reaction discovered hy Vol'pin that is,
the replacement of an a-hydrogen atom hy the cycloheptatrienyl residue,
is associated with the electrophilic properties of the tropylium ion:
R
H
This reaction has found extensive application in the synthesis of
cycloheptatriene derivatives. Some of these will he discussed briefly.
Vol'pin et al.^ studied the reaction of tropylium salts with
aliphatic aldehydes in aqueous solution. They found that the cyclohep¬
tatrienyl residue, at room temperature, replaced one of the a-atoms of
the aldehyde.
They also reported that the reaction of the tropylium salt with aldehydes
containing three, two and one a-hydrogen atoms proceeds according to
scheme 3 above. In all cases the monosuhstituted reaction product was
obtained. The same was true for cyclic aldehydes with a-hydrogen atoms
such as isovaleraldehyde. At the same time, benzaldehyde lacking an
3
a-hydrogen atom did not react with the tropylium salts even on prolonged
heating.
Later Vol'pin et al.^ reported the reaction of tropylium bromide
with several simple ketones lacking other activating substituents. With
prolonged heating, they introduced the cycloheptatrienyl residue into
2-propanone and acetophenone at the a-hydrogen position to form 1-cyclohep-
tatrienyl-2-propajione and cycloheptatrienylacetophenone respectively.
Vol'pin ^ al.^ later reported that the tropylation reaction for
these compounds was a first order reaction; that the reaction was
independent of the tropyliim salt concentration and,directly proportional
to the concentration of the compoxmd with the a-hydrogen. They proposed
the following mechanism for the tropylation of ketones.
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Conrow^*^ reported the synthesis and fragmentation of a variety of
functionally substituted cycloheptatriene derivatives using the tropylium
reaction. He showed that some of the cycloheptatriene derivatives react
with electrophiles to give the tropylium salt as the end product of a
fragmentation reaction.
X = OH, Cl, or Br
B = H+, Ag+




Conrow also pointed out that these fragmentation reactions offer
direct evidence that the cycloheptatrienyl group is introduced into the
condensation product.
This research project is the further study of the reaction of the
tropylium ion with simple ketones.
EXPERIMENTAL
All ultraviolet (uv), visible and near infrared spectra were recorded
on a Coleman Hitachi EPS-3T recording spectrophotometer. The nuclear
magnetic resonance (nmr) spectra were recorded on a Varian A-6OA high
resolution spectrometer, or a Varian A-60D high resolution spectrometer
using, unless otherwise noted, carbon tetrachloride or chloroform-d as
solvent. Chemical shifts (6) are reported in parts per million (ppm)
downfield from internal tetramethylsilane (tms). Infrared spectra (ir)
were recorded with a Bausch and Lomb spectronic 25OIR or a Perkin-Elmer
621 grating spectrophotometer. Only the most prominent bands in the (ir)
spectra are listed. All mass spectra (ms) were taken by Dr. John H.
Pickett, Fibers Industries, Inc., Charlotte, North Carolina. Elemental
microanalysis were done by the Atlantic Microlab, Inc., Atlanta, Georgia
and Galbraith Laboratories, Inc., Knoxville, Tennessee. The lone melting
point was measured on a Thomas-Hoover melting point apparatus and is
uncorrected. All boiling points are uncorrected.
Tropylium Fluoroborate.—The tropylium fluoroborate was prepared by
the in situ technique of Dauben, et al.^ ^ The white product is sparingly
soluble in most solvents; mp 210; nmr (CH2CI2) <5 = 8.90 ppm (5,7).
Reaction of Tropylium Fluoroborate with 2-Propanone.—In a 100-ml
flask equipped with reflTix condenser and magnetic stirrer, 2.70-ml (36.0
mmoles) of 2-propanone (Fisher) was added to 3.21g (l8.0mmoles) of tropy¬
lium fluoroborate dissolved in 50 ml of water. The resulting yellow
mixture was boiled at reflux for two hours, during which time an oil
separated and the aqueous layer turned blue. The reaction mixture was
cooled and then poured into a 250 ml separatory funnel and extracted with
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4 X 50 ml portions of diethyl ether (Baker). The combined ether extracts
were backwashed with water until the water layer was clear. The ether
solution was dried over anhydrous sodiiam sulfate. After removal of the
drying agent and evaporation of ether in a rotary evaporator, a liquid
residue remained. The liquid residue was distilled giving 1.02g (6.9™ioles,
31.k%) of the l-cycloheptatrienyl-2-propanone (^): bp 72-73° (O.Umm); n^°
(P)_ = 1.5251 {lit.7 bp 70° C2mm), n20(D) = I.5236 and lit.l° bp 78° (l.8mm),
n^°(D) = 1.5174]; X max (cyclohexane) 258 (log e = 3.52) [lit.^° X max
{95% ethanol) 258mn (log e = 3.57)]; ir(CCl4) 3.32p, 5.85y, 7.38p, and
l4.75y; nmr (neat) 6=1.99 (s, 3), 2.62 (d, 2, J = 7 Hz), 2.20 (m, l), 5-10
(m, 2), 6.15 (m, 2) and 6.55 Ppm (m, 2); MW (ms) = l48.
The blue aqueous layer was extracted with two 25 ml portions of
methylene chloride (Fisher) removing the blue substance. The methylene
chloride solution was dried over sodium siilfate, filtered and the solvent
evaporated in a rotary evaporator leaving a blue residue in the flask.
The blue residue was washed with ether removing a yellow substance.
Washing was continued until the ether wash was clear. The ether was
evaporated and the yellow oil was placed on the top of a neutral al^amina
chromatograph column and the column was successively eluted with pentane,
pentane-ether, ether. Upon removal of the solvent, 0.1l2g (l.lmmoles) of
a yellow oil remained. Ir (KBr) 3.35y» 5.87y, 6.12p, 6.36y, 6.58p, 6.80p,‘'
7.98p, 8.24p, 11.05P, 12.02p, 12.7OP, l4.25y, and 17.5p; nmr (CDCI3)
6=7.17 pim (s, 6). Comparison of the ir and the nmr spectra of this oil
with the spectra of an authentic sample of 2,4,6-cycloheptatrien--l-one (£)
showed them to be the same.
The blue residue remaining in the flask was dissolved in methylene
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chloride, saturated with ether and allowed to stand. Blue crystals
precipated out of the solution. The blue crystals were collected, washed
with ether and dried ^ vacuuo. The blue compound had absorption in the
visible and near infrared suggesting unsaturation. The ir spectr\im (KBr)
showed absorption in the by to lUy regions. The saturated solution of the
blue compound was not concentrated enough to give a detectable nmr peak.
The mass spectriam (ms) had complicated fragmentation patterns in which no
parent ion could be identified. Most of the blue compound was non-volatile
in the mass spectrometer at temperatures as high as 600°C. Fragmentation
patterns indicated high molecular weight. Anal. Fo\ind: C, 72.68; H, 5.83.
Reaction of Tropylium Fluoroborate With 2-Butanone.—The previous
procedure was repeated with I.56 ml (I7.^mmoles) of 2-butanone (Fisher) and
3.10g (17.^mmoles)of tropylium fluoroborate. After two hours reflux, an
oil had separated and the aqueous layer was blue-green. The liquid
residue was distilled giving l.lOg (6.8mmoles, 3h.6%) of the 3-cyclohep-
tatrienyl-2-butanone (]t) : bp 71.5-72° (0.4mm); n2°(D) = 1.524; X max
(cyclohexane) 257.5y (log e=3.53); ir (CClj^) 3.32y, 3.38y, 5.86y, 7.^2y;
11.20y, and l4.73y; nmr (CDCI3) 6=1.05 (d, 3, J = 6 Hz), 1.97 (s, 3),
2.65 (m, 1), 2.20 (m, l), 5.15 (m, 2),6.15 (m, 2), and 6.6O ppm (m, 2).
The ether wash again contained 2,4,6-cycloheptatrien-l-one (£). No
structure could be assigned to the blue compoiind from spectroscopic or
elemental analysis.
Reaction of Tropylium Fluoroborate With 3-Methyl-2-Butanone.—The
previous procedure was repeated with I.98 ml (l8.5mmoles) of 3—methyl-2—
butanone (Eastman) and 3.30g (l8.55mmoles) of tropyliiun fluoroborate.
After two hours reflux, an oil had separated and the aqueous layer was
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green. The liquid residue was distilled giving 1.20g (6.Bmmoles, 36.k%)
of the 3-cycloheptatrienyl-3-methyl-2-butanone (^): bp 72-73° (O.^iimn);
n20(D) = 1.519^; A max (cyclohexane) 257 my (log e=3.53); ir (CCI4)
3.32y, 3.37y, 5.90y, 6.80y, 7.25y, 7.^1y, 9.05y, and U.73y; nmr (CDCI3)
6=1.21 (s, 6), 1.91 (s, 3), 1.70 (m, 1), 5.15 (m, 2), 6.20 (m, 2), and
6.60 ppm (m, 2).
The ether wash again contained 2,6-cycloheptatrien-l-one (^). No
structure could be assigned to the green compound from spectroscopic or
elemental analysis.
Reaction of Tropyliiim Fluoroborate With Cyclopentanone.—The procedure
was repeated with 1,59 ml (l7.9mmoles) of cyclopentanone (Eastman) and
3.20g (l7.9mmoles) of tropylium fluoroborate. The resulting mixture was
orange-brown. After two hours refl;ax, an oil had separated and the aqueous
layer was pink in color. The liquid residue was distilled giving 1.22g
(7.0mmoles, kO.k'1%) of the 2-cycloheptatrienyl-cyclopentanone (^): bp
137-138 (1.7mm); n^°(D) = I.5476; X max (cyclohexane) 255my (log e=3.49);
ir (CCI4) 3.32y, 3.39y, 3.48y, 5.79y, 6.92y, 6.15y, 7.91y. 8,70y, and
l4.75y; nmr (CDCI2) 6=2.0 (m, 1), 5.30 (m, 2), 6.15 (m, 2), and 6.6O (m, 2).
The ether again contained 2,4,6-cycloheptatrien-l-one (^) . The pink
compound could not be identified from spectroscopic or elemental analysis.
Reaction of Tropylium Fluoroborate With Cyclohexanone.—The previous
procediire was repeated with 2.12 ml (20.51mmoles) of cyclohexanone (Eastman)
and 3.694g (20.51mmoles) of tropylium fluoroborate. After two hours reflxox
an oil had separated and the resulting lemon yellow aqueous solution had
tiirned green. Evaporation of the ether followed by recrystallization from
pentane and diethyl ether yielded 1.23g (6.5inmoles, 33.3%) of 2-cyclohepta-
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trienylcyclohexanone (lO); mp 61.5-62°; A max (cyclohexane) 260mij
(log e=3.6l); ir (CCI4) 3.32y, 3.it4v, 3.51y, 5.88p, 6.95p, 9.10p, and
l4.T3y; nmr (CCI4) 6=2,10 (m, l), 5.15 (m, 2), 6,15 (m, 2), and
6.53 ppm (m, 2). Anal. Calculated for C3^3HigO: C, 82.98; H, 8.51.
Found: C, 83.^+3; H, 8.86.
The ether wash again contained 2,U,6-cycloheptatrien-l-one (^).
After removal of the 2,4,6-cycloheptatrien-l-one (^) from the green
residue, the residue in the flask was now blue in color. Using the same
procedure as before, blue crystals were collected and dried in vacuuo.
Again, no structure could be assigned to the blue compound from spectro¬
scopic or elemental analysis.
Reaction of Tropyliimi Fluoroborate With 2-Cyclopentenone.—The
previous procedure was repeated with 1,95 nil (23.1inmoles) of 2-cyclopen-
tenone (Research Organic/Inorganic Chemical Corp.) and k.l2g (23.1mmoles)
of tropylium fluoroborate. The resulting mixtiire was orange. After two
hours reflux an oil had separated and the aqueous layer was yellow. The
liquid residue was distilled giving 1.29g (7.5inmoles, 31.3^) of the
5-cycloheptatrienyl-2-cyclopentenone (12): bp 12U-125° (0.4mm); n20(D) =
1.5735; A max (absolute ethanol) 256miJ (log e=3.6l); ir (CCI4) 3.33y,
3.i+4y, 5.88y, 6.32y, 7.0Uy, 7.20ii, 7.52y, 8.6ly, and lU.73y; nmr (CCli^)
6=2.2, 2.70, 5.25, 6.15, 6.52, and 7.70 ppm.
The ether again contained 2,4,6-cycloheptatrien-l-one (2). The yellow
compound could not be identified by spectroscopic or elemental analysis.
Reaction of Tropylium Fluoroborate With 3-Buten-2-0ne.—The previous
procedure was repeated with 1.91 nil (22.9iiimoles) of 3-buten-2-one (Aldrich
Chemical) and U.lg (22.9nmioles) of tropylium fluoroborate. The resulting
10
mixture was orange-brown. After two hours reflux, an oil had separated
and the aqueous layer was purple. During the reaction, considerable
tarring occurred. The liquid residue from the ether extract was placed
on the top of a neutral alumina chromatograph column and the column was
successively eluted with pentane, pentane-ether, ether. Upon removal of
the solvent, a red liquid oil remained. Ir (KBr) 3.Sip, S.^Hy, 5.88y,
T.05iJ, 7.36y, 9.08y, 13.5y, and lU.2y; X max (cyclohexane) 25Tmvi. The
nmr spectrum (CCli^) showed a complicated pattern with starting material
present. All attempts to obtain a pure product by vacuum distillation
and additional column chromatography were unsuccessful.
The ether wash again contained 2,U,6-cycloheptatrien-l-one (^). No
structure could be assigned to the purple compound from spectroscopic or
elemental analysis.
Reaction of Tropylium Fluoroborate With 2-Methyl-l-Phenyl Propanone.—
The previous procedure was repeated with 2.71 inl of 2-methyl-1-phenyl pro¬
panone (Eastman) and 3.20g (l7.9mmoles) of tropylim fluoroborate. After
two hours reflux considerable charring had occurred. No color change had
taken place. The solution was extracted with ether as before. The aqueous
layer was decanted. The ether was distilled leaving a liquid residue.
The residue was distilled under vacuum bp. 92°/5mm. The yield was 2.6 ml
of a yellow liquid. The nmr and ir analysis showed the liquid to be the
starting material, 2—methyl—1—phenyl propanone. All attempts to react the
2-methyl-l-phenyl propanone with tropylium fluoroborate were unsuccessful.
RESULTS AND DISCUSSION
Several simple ketones were reacted with tropylixmi fluoroborate in
aqueous solution utilizing a procedure described by Vol'pin et al.^
The synthesis of the corresponding cycloheptatrienyl carbonyl compounds
and other products (see chart below) was accomplished in fair yields
with little difficTilty.
The l-cycloheptatrienyl-2-propanone (^) , 3-cycloheptatrienyl-2-
butanone (M, 3-methyl-2-butanone (^), 2-cycloheptatrienyl-cyclopentanone
(^) and 5-cycloheptatrienyl-cyclohexanone (lO) and 5-cycloheptatrienyl-
2-cyclopenten-l-one (l2) were formed as outlined in scheme J_. The com-
poiinds were identified by conventional methods. The stmctiires of the
cycloheptatrienyl carbonyl products are supported by ultraviolet, ir, and
nmr spectra.
The ultraviolet spectra (see Table 1) of all the cycloheptatriene
derivatives show an absorption maximum near 260mvi which coincide with the
absorption maximum for the unsubstituted cycloheptatriene (X max 260my).
The ir and nmr spectra of U_, 6_, 8_, and ^ are shown in figures
1 through 12. All the cycloheptatrienyl carbonyl compoimds have carbonyl
















5.0 PPM (5) 4.0 3.0 3.0 0
Figiore 2. The nmr spectrum of l-cycloheptatrienyl-2-propanone (neat).
Figvire 3. The ir spectrtim of 3-cycloheptatrienyl-2-hutanone in CCli^
7.0 6.0 5.0 PPM (6) 4.0 3.0 2.0 1.0
Figure 4. The nmr spectrum of 3-cycloheptatrienyl-2-hutanone in CDCl^-
Figure 5, The ir spectrum of S-cycloheptatrienyl-S-rmethyl.r^Jjutanone in CCI4
L
7.0 6.0 S.0 PPM (a) 45^ 3.0 2.0 1.0
Figure 6. The nmr spectrum of 3-cycloheptatrienyl-3-methyl-2-butanone in CDCl^.
Figure 7. The ir spectrum of 2-cycloheptatrienyl cyclopentanone
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Figure 8. The nmr spectrum of 2-cycloheptatrienyl-cyclopentanone in CDCl^
Figure 9- The ir spectrum of 2-cycloheptatrienyl-cyclohexanone in CCli^
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Figure H. The ir spectrum of 5-cycloheptatrienyl-2-cyclopentenone in CCl^.
TRANSMITTANCE(%)
Figure 12. The nmr spectrim of 5-cycloheptatrienyl-2-cyclopenten-l-one in CClj^.
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with the cycloheptatrienyl system, 3.32vi - 3.48y, 6.5iJ - lOp, and
14.2y - l4.6vi were present in all the products. The nmr had three sets
of multiplet centered in the regions 6=5.10, 6.15, 6.55 Ppm for the
three vinyl protons which were consistent with the assigned struct\are.
Compound ^ also had two sets of multiplet centered at 6=6.52 and 7.70
ppm for the two vinyl protons on the 2-cyclopentenone ring. This shows
that the cycloheptatrienyl residue does not replace the hydrogen atom at
the vinyl position.
The nmr spectra show for the 2,7 proton a quartet for compounds
and 7. and a sextet for compounds and suggesting over¬
lapping and coupling of the cyclic protons with the cycloheptatrienyl
group protons 1^, and 12.
Mass spectral analysis of ^ show the parent ion at l48. The compound
has principal fragmentations peaks at m/e 91* ni/e. 1D5, m/e 117, m/e 133






The mass spectra of 6, 8, and W all show the major fragmentation peak
m/e 91. This is additional evidence that the cycloheptatrienyl residue
is introduced into the condensation product.
Other physical properties of all the cyclopentatriene products are
given in Table 2.
TABLE 1
ULTRAVIOLET ABSORPTION DATA FOR THE CYCLOHEPTATRIENE DERIVATIVES
Compound Amax(my) log e Solvent
l-Cycloheptatrienyl-2-Propanone 258 3.52 Cyclohexane
3'rCycloheptatrienyl-2-Butanone 257.5 3.53 Cyclohexane
3-Cycloheptatrienyl-3-methyl-2-Butanone 257 3.53 Cyclohexane
2-Cycloheptatrienylcyclopentanone 255 3.49 Cyclohexane
2-Cycloheptatrienylcyclohexanone 260 3.61 Cyclohexane
5-Cycloheptatrienyl-2-Cyclopenten-l-one 256 3.61 Absolute Ethanol
2,4,6-Cycloheptatriene 260
TABLE 2
MELTING POINT, REFRACTIVE INDEX AND PER CENT
YIELD DATA FOR THE CYCLOHEPTATRIENYL DERIVATIVES
Compound mp(°C) bp(°C)/p(imn Hg) n20(D) % Yield
l-cycloheptatrienyl-2-propanone T2-73°/0.J+ 1.5236 37.42




2-eyeloheptatrienyl-eyelopentanone I37-I38O/1.7 1.5476 40.47
2-eyeloheptatrienyl-eyelohexanone 61.5-62° — 33.30
5-eyeloheptatrienyl-2-eyelopentenone 124-125°/0.4 1.5735 31.32
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The tropyli™ fluoroborate was also reacted with 2-methyl-1-phenyl
propanone in aqueous solution utilizing a procedure in scheme J. No
reaction occiirred even with boiling up to twelve hours. This is one case
where the cycloheptatrienyl residue did not replace the a-hydrogen atom.
The tropylium fluoroborate was also reacted with 3-buten-2-one in
aqueous solution utilizing a procedure in scheme 7^. It was anticipated
that l-cycloheptatrienyl-3-buten-2-one would be the major product, i.e.
(11) BF]^- + CH2=8-C-CH,
+ Colored Compd
15
The ir spectrimi showed absorption in the regions 3.31y, 5»88y,
7.05y - 12y, and l4.2y and maximiim absorption (uv) of (X max = 257iiiy)
indicating the cycloheptatrienyl residue had been introduced into the
vinyl ketone. The nmr, however, showed a complicated pattern with starting
material present. Since vacuum distillation and column chromatography
did not give a pure compound, the synthesis and identification of the
product was abandoned. Compound 2 and a purple compomd (^) were formed.
The 2,4,6-cycloheptatriene-l-one (2) was identified by the nmr and
ir spectra. Compound ^ is assumed to be formed by the following mechanism
as proposed by Harmon e^ ai.
28
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No cycloheptatriene (3^) was isolated in the reaction products except for
small traces in the 2-propanone case.
Compo\inds 3^, T., 9_, and ^ were all insoluble in non-polar
solvents. All were soluble in polar solvents such as methylene chloride,
acetonitrile, and ethanol. The crystals were amorphorus aud polymer-like.
Most of the compoimds are nonvolatile when heated to 600°C.
The compounds show maximum absorption (see Table 3) in the near infrared
(X 600mvi to TOOmy) suggesting conjugation. The compounds have a similarity
to azulene which shows absorption in the visible region (500my - TOOmy).
Azulene and most of its derivatives are blue.
Hafner and coworkersreported the yield of a deep blue compound
[3 - (cycloheptatrienylidene) ally] tropylium perchlorate (A max (acetoni¬
trile) = 6o4my) from the reaction of methylated tropylium perchlorate and
triethyl orthoformate.
The blue compounds ii. were reacted with concentrated sulfuric
acid. The compounds changed reversibly from blue to orange in color.
The effects of solvents on peak position were examined with compo\mds
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_5 and ^ (see Table U). The peak positions varied from 632mvi to 652mvi
for ^ and 6U0mvi - 671niy for in the near infrared.
Saturated solutions of the 7., £, 11, 13, and ^ were not
concentrated enough to give a detectable nmr peak. The ir spectra showed
absorptions in the 6y to lUy regions. Anal. Found: C, 50.0 - 73.0;
H, 5.0 - 8.3. However, no structiire could be assigned to the compounds




ABSORPTION DATA FOR COLORED COMPOUNDS
Compoiind XmaxCmy) Solvent
Blue from 2-Propaiione 663 Methylene Chloride
Blue from 2-Butanone 652 Methylene Chloride
Green from S-methyl-P-Buteinone 645 Methylene Chloride
Pink from Cyclopentanone 500 Methylene Chloride
Blue from Cyclohexanone 671 Methylene Chloride
Yellow from 2-Cyclopentenone 605 Methylene Chloride
Purple from 3-Buten-2-one 688 Methylene Chloride
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TABLE It
THE EFFECT OF SOLVENTS ON PEAK'S POSITION OR
THE BLUE 2-BUTANONE AND THE BLUE CYCLOHEXANONE COMPOUNDS
Compound AmaxCmy) Solvent




637 and 663 Ethanol
632 Water
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